Data from the representative 2013 Eurobarometer survey were combined with macro-environmental data to assess relationships with different domains of physical activity (PA) in 28 European Union countries. Higher mean annual temperatures were the only macro-environmental factor found to be associated with levels of physical activity; an increase in the mean annual temperature by 1 C was associated withÀ0.94 fewer minutes of vigorous-intensity activity per week (95% CI: À1.66 to À0.23). This highlights the importance of modifiable influences (e.g. opportunities for active travel) on PA and underscores the potential of public health interventions to raise levels of physical activity. 
Introduction
A significant proportion (one in four) of the European adult population is insufficiently physically active and does not meet the World Health Organization recommendations for physical activity (PA). 1, 2 Individual characteristics, such as gender, age and education have all been shown to be associated with levels of PA. 2 Environmental factors are increasingly being identified as potential determinants of PA. These include micro-environmental characteristics, such as walkability, access to facilities and environmental quality, 3 as well as macro-environmental factors, such as weather conditions and temperatures. 4, 5 However, many previous studies have been either based on aggregate data or were predominantly conducted in low and middle income countries. [3] [4] [5] The aim of this study was to investigate associations of macro-environmental factors with levels of different forms of PA in the European Union (EU).
Methods
Data from 27 919 respondents from 28 EU member states were collected in wave 80.2 of the Eurobarometer survey (November to December 2013). 6 Representative samples of residents aged over 15 years old were selected utilising a multi-stage sampling design and we included 27 310 respondents aged !18. Respondents were selected from households with probability proportional to population size and interviewed at home. For each respondent, the country and nomenclature of units for territorial statistics (NUTS), NUTS-2 region of residence were recorded, with the exceptions of Germany and the United Kingdom, where data were only available at the NUTS-1 level. NUTS represent a geocode standard to reference the subdivisions of EU countries, with NUTS-1 representing major socio-economic regions or government office regions and NUTS-2 representing basic regions for the application of regional policies, counties or groups of counties.
Frequency and duration of three forms of PA (walking, moderateintensity and vigorous-intensity PA) were assessed using the short form of the International Physical Activity Questionnaire. 7 Respondents who reported at least 150 min of moderate-intensity PA per week; at least 75 min of vigorous-intensity PA throughout the week; or an equivalent combination of these were classified as meeting the WHO guidelines for PA.
1 Data were also collected on respondents' gender (male; female), age (15-24; 25-39; 40-54; !55 years), age at completion of full time education ( 15; 16-19; !20 years), area of residence (rural; urban), difficulty in paying bills (most of the time; from time to time; almost never/never), occupation (non-manual worker; manual worker; unemployed; student; retired) and perceptions of whether the area they live in offers many opportunities to be physically active (agree; disagree). Further details on the methodology are described elsewhere. 8 Weather data including average sunshine per day (in hours [h]), mean annual temperature (in degrees Celsius [ C]) and annual precipitation (in L/m 2 ) were extracted from the online database ClimaTemps (http://www.climatemps.com/). These data were matched to Eurobarometer respondents at the lowest regional level available (NUTS-1 in Germany and the United Kingdom and NUTS-2 in the remaining countries). For each NUTS region, the capital or the biggest city in that area documented in Climatemps was selected to represent the weather in that whole region. For the 46 out of 220 capitals without a direct match for climate data, the closest city to the capital (direct distance) was used instead. Regional-level data on gross domestic product (GDP) at current market prices in purchasing power standard per capita and unemployment (%) were also extracted from Eurostat. 9 After excluding respondents with missing data, a final sample size of n = 24 577 respondents was analysed.
Statistical analysis
We used a three-level (country/region/individual) mixed effects logistic regression model to assess the associations between macroenvironmental factors (temperature, sunshine, precipitation, GDP per capita, unemployment) and meeting WHO recommendations for PA, adjusted for socio-demographics factors and perceptions of PA opportunities in the area. We also fitted similar mixed linear models with weekly duration of walking, moderate-intensity and vigorous-intensity PA as outcomes separately. To investigate non-linear effects, quadratic terms of the weather variables were initially included in the models but were not statistically significant and not included in final analyses. Sensitivity analyses excluding data on perceptions of local opportunities for PA were also conducted. Logistic regression results are presented as adjusted odds ratio (aOR) with 95% Confidence intervals (95% CI) and linear regression results are presented as the co-efficient with 95% CI.
Results
Associations of macro-environmental factors and PA are shown in table 1. Weekly mean minutes of self-reported walking time was 38.7 min, mean moderate-intensity PA 35.6 min and mean vigorous-intensity PA 34.1 min per week across the sample. Mean annual temperatures ranged from 2.3 C to 21.0 C and sunshine from 2.9 h/day to 9.2 h/day.
In fully adjusted models mean annual temperature was the only macro-environmental factor associated with vigorous-intensity PA. An increase of the mean annual temperature by 1 C was associated with À0.94 fewer minutes of vigorous-intensity PA per week (95% CI: À1.66 to À0.23). None of the macro-environmental factors investigated here were statistically significantly associated with meeting the WHO guidelines for PA, walking levels or levels of moderate-intensity PA. In sensitivity analyses not controlling for perceptions of the local environment there were still no associations between these macro-environmental factors and PA.
Discussion
This study using nationally representative individual data from the whole of the EU found temperature was inversely associated with vigorous-intensityPA. Other macro-environmental factors were not found to be statistically significantly associated with meeting WHO PA recommendations, or levels of walking and moderate-intensity PA.
A previous study among elderly participants in Japan found that temperature was positively correlated with PA up to 17 C, while a higher temperature was associated with lower PA. 10 Temperature varies considerably within EU regions, but our analysis found neither a linear nor quadratic association with walking and moderate-intensity PA. People living in regions with higher annual temperatures were less likely to spend time on vigorous-intensity PA, but the magnitude of the association was small. For example, a difference of 10 in mean annual temperature is associated with fewer than 10 min difference in vigorous PA per week. Precipitation and sunshine were also not associated with any type of PA, in contrast with findings from some earlier studies. 4 Similarly, macro-economic factors such as GDP were not associated with any of the outcomes assessed. The main difference of our study compared with previous research is that we were able to adjust for individual level characteristics such as age and sex, which have been previously shown to have strong associations with PA. 8 This allowed us to control more fully for potential confounding by individual characteristics and focus on potential associations with the macro-environmental factors. We were also able to link regional-level data to individuals and analyse data using multi-level regression models. The survey was conducted in November/December, which may have introduced some bias, meaning that this study could not examine variations throughout the year.
Overall, our analysis found that macro-environmental factors such as sunshine and precipitation have little or no association with PA in the EU. Levels of PA vary widely between EU countries, 2 but this cannot be explained by weather or macro-environmental conditions. This highlights the importance of modifiable influences, such as availability of recreational facilities, and walking trails on PA 8 and underscores the potential of public health interventions to raise population levels of PA.
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